Twenty five symptomatic individuals and six asymptomatic obligate gene carriers from four families with autosomal dominant retinitis pigmentosa (adRP) showing apparent incomplete penetrance have been studied. Symptomatic individuals from three families showed early onset of night blindness, non-recordable rod electroretinograms, and marked elevation of both rod and cone thresholds in all subjects tested. In the fourth family, there was more variation in the age of onset of night blindness and some symptomatic individuals showed well preserved rod and cone function in some retinal areas. All asymptomatic individuals tested had evidence of mild abnormalities of rod and cone function, indicating that these families show marked variation in expressivity rather than true non-penetrance of the adRPgene. No mutations of the rhodopsin or RDS genes were found in these families and the precise genetic mutation(s) remain to be identified. (Br_' Ophthalmol 1993; 77: 473-479) 
Abstract
Twenty five symptomatic individuals and six asymptomatic obligate gene carriers from four families with autosomal dominant retinitis pigmentosa (adRP) showing apparent incomplete penetrance have been studied. Symptomatic individuals from three families showed early onset of night blindness, non-recordable rod electroretinograms, and marked elevation of both rod and cone thresholds in all subjects tested. In the fourth family, there was more variation in the age of onset of night blindness and some symptomatic individuals showed well preserved rod and cone function in some retinal areas. All asymptomatic individuals tested had evidence of mild abnormalities of rod and cone function, indicating that these families show marked variation in expressivity rather than true non-penetrance of the adRPgene. No Patients and methods Twenty five symptomatic individuals (mean age 32 years; range 13-58 years) and six asymptomatic obligate gene carriers (mean age 46 years; range 39-60 years) from four families with apparent incomplete penetrance took part in the study. In each family there was transmission of the disease through at least three generations (Fig  1) , and in three there was evidence of male to male transmission, In the fourth, although there was no male to male transmission, all the affected females had severe disease, suggesting autosomal dominant inheritance.
Each subject underwent a full clinical evaluation. A variety of investigations including an electroretinography (ERG), electro-oculography (EOG), Goldmann perimetry, and detailed dark adapted static perimetry were performed in the majority of subjects (subjects with advanced RP with extensive field loss did not undergo psychophysical testing). In addition, photopic flicker testing was performed on each of the six asymptomatic obligate gene carriers. Detailed Goldmann perimetry was performed on each eye using the IV 4e and I 4e targets. The ERG was Autosomal dominant retinitis pigmnentosa with apparent incomplete penetrance Informed consent was obtained after the nature of the procedures had been fully explained. (Figs 2, 3, 4) . The threshold elevations were such that classification into diffuse (type 1) or regional (type 2) disease'2 was not possible. In family 3 only one affected individual underwent dark adapted static perimetry and this again showed widespread and marked rod and cone threshold elevations. In these three families no subject had rod or cone thresholds within 1 log unit ofnormal in any area of the visual field tested. In contrast, in family 2, there was more variation in the severity of disease. One 13 year old boy had visual fields, on Goldmann perimetry (IV 4e target) reduced to 10 degrees whereas other older symptomatic family members had well preserved fields to the same target (Table 2) . Similarly scotopic perimetry showed widespread and severe rod and cone threshold elevations in some subjects while in others there were some areas of the visual field with normal or only mildly elevated rod and cone thresholds. In subjects with mild disease there was patchy loss ofrod and cone function consistent with the regional pattern of disease described by Lyness et al. 2 Electroretinography showed similar interfamilial variation (Table 2) . In families 1, 3, and 4 there were no identifiable rod responses in any subject and most showed non-recordable cone responses. Two subjects from family 4 had delayed cone implicit times. In family 2 the ERG responses were consistent with-the findings on psychophysical testing. Two subjects with mild disease showed well preserved rod and cone responses, and all subjects with recordable cone responses had normal cone b wave implicit times. 
ASYMPTOMATIC OBLIGATE GENE CARRIERS

Clinicalfindings
All six subjects had normal visual acuity, normal fundus examination, and normal Goldmann fields to the larger target (IV 4e) used (Fig 5) . Three subjects showed mild peripheral constriction and in two there were small mid peripheral scotomas to smaller targets (Table 3) .
Electrophysiological andpsychophysical testing
The light rise of the EOG showed a mild reduction in one or both eyes in three subjects ( Table 3 ). The amplitudes of flash ERG were normal in five subjects and in one both scotopic and photopic responses were just below 2 SD from normal. Cone b wave implicit times were prolonged in two subjects ( (Figs 3 and 4) . Flicker sensitivity was reduced in three subjects particularly at high frequencies (Table 4) . One might expect families showing apparent incomplete penetrance to be those with mild disease of late onset, with the 'skipped individuals' being at the milder end of the disease spectrum. However, we have shown that symptomatic individuals have severe disease often of early onset. There must therefore be other factors, either genetic or environmental, that influence expression of the mutant gene. The extreme intrafamilial variation, with younger individuals often being severly affected, seen in our families make an environmental influence unlikely. Examination of the pedigree structure provides no evidence for anticipation' or genomic imprinting effects35 and it seems more likely that other 'modifying' loci are responsible for influencing expression of the primary mutant gene. The identification of these genetic interactions remains a major challenge. 
